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(57) ABSTRACT

A voltage-controlled vertical bi-directional monolithic
switch, referenced with respect to the rear surface of the

switch, formed from a lightly-doped N-type semiconductor
substrate, 1n which the control structure includes, on the front

surface side, a first P-type well 1n which 1s formed an N-type
region, and a second P-type well 1n which 1s formed a MOS
transistor, the first P-type well and the gate of the MOS
transistor being connected to a control terminal, said N-type
region being connected to a main terminal of the MOS tran-
sistor, and the second main terminal of the MOS transistor
being connected to the rear surface voltage of the switch.

10 Claims, 4 Drawing Sheets
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VOLTAGE-CONTROLLED BIDIRECTIONAL
SWITCH

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation of U.S. application Ser.
No. 12/026,121 filed Feb. 5, 2008, which 1s a continuation of

U.S. application Ser. No. 11/304,247, filed Dec. 135, 2005
entitled VOLTAGE-CONTROLLED BIDIRECTIONAL
SWITCH, which application claims the priority benefit of
French patent application number 04/52991, filed on Dec. 15,
2004, entitled VOLTAGE-CONTROLLED BIDIREC-
TIONAL SWITCH, which 1s hereby incorporated by refer-

ence to the maximum extent allowable by law.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the field of bi-directional
switches, and more specifically of bi-directional switches
made 1n the form of vertical components 1n which the signal
applied to the control electrode 1s applied with reference to

the voltage of the rear surface of the component, which usu-
ally 1s, 1n vertical components, uniformly metallized.

2. Discussion of the Related Art

This type of component 1s described 1n U.S. Pat. No. 6,034,
381 to Robert Pezzani, assigned to the present assignee,
which 1s incorporated herein by reference.

FIGS. 1A, 1B, 1C reproduce FIGS. 1A, 1B, and 1C of U .S.
Pat. No. 6,034,381.

The structure of FIG. 1A 1s formed from a lightly-doped
N-type semiconductor substrate 1. This bi-directional switch
comprises two vertical thyristors Thl and Th2 in antiparallel.
The anode of thyristor Thl corresponds to a P-type layer 2
formed on the rear surface side of the substrate. Its cathode
corresponds to a region 3 of the second conductivity type
tormed on the front surface side 1n a P-type well 4. The anode
of thyristor Th2 corresponds to a P-type well S formed on the
front surface side and its cathode corresponds to an N-type
region 6 formed on the rear surface side in layer 2. This
bi-directional switch 1s of the so-called well type, that 1s, its
periphery 1s formed of a heavily-doped P-type wall 7 extend-
ing from the front surface side to P-type rear surface layer 2.
The rear surface 1s coated with a metallization M1 corre-
sponding to a first main terminal Al of the bi-directional
switch and the upper surfaces of regions 3 and 5 are coated
with a second metallization M2 corresponding to the second
main terminal A2 of the bi-directional switch.

The starting structure of this bi-directional switch com-
prises a P-type well 10 formed on the front or upper surface
side 1n which 1s formed an N-type region 11. The surface of
well 10 1s solid with a metallization M3 connected to a gate
terminal G of the bi-directional switch and the surface region
11 1s connected by a metallization M4 to the upper surface of
heavily-doped P-type peripheral wall 7.

The symbols of various components resulting from the
shown structure have already been shown 1n FIG. 1A. Thus,
the above-mentioned thyristors Thl and Th2 and a transistor
T1 having 1ts base corresponding to well 10 and to gate
metallization G, having 1ts emitter corresponding to region 11
and to metallization M4 (that 1s, this emitter 1s connected by
well 7 to first main rear or lower surface electrode Al of the
bi-directional switch), and having 1ts collector corresponding,
to substrate 1, that 1s, to the anode-gate regions of thyristors

Th1 and Th2, have been shown.
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Currently, such a bi-directional switch 1s assembled so that
its rear surface, generally connected to a radiator, 1s con-
nected to ground and so that its front surface 1s connected to
a voltage which 1s alternately positive and negative with
respect to ground.

U.S. Pat. No. 6,034,381 patent shows that a bi-directional
switch structure 1n which control electrode G 1s arranged on
the front surface and 1n which the bi-directional switch 1s
started by application on control electrode G of a signal of
positive biasing with respect to the voltage of rear surface
clectrode Al 1s obtained.

Structures of the type described in FIG. 1 have been manu-
factured by STMicroelectronics which has also filed several
patents aiming at improvements of this structure.

However, this structure has the disadvantage that, as in the
case ol a conventional triac, the control 1s performed by
current imnjection. Now, it 1s always easier to control a switch
with a voltage source than with a current source.

SUMMARY OF THE INVENTION

Thus, an object of the present imnvention 1s to provide a
bi-directional switch in which the control 1s referenced to the
rear surface voltage and which 1s voltage-controlled.

To achieve this and other objects, the present mvention
provides a voltage-controlled vertical bi-directional mono-
lithic switch, referenced with respect to the rear surface of the
switch, formed from a lightly-doped N-type semiconductor
substrate, in which the control structure comprises, on the
front surface side, a first P-type well 1n which 1s formed an
N-type region, and a second P-type well in which 1s formed a
MOS ftransistor, the first P-type well and the gate of the MOS
transistor being connected to a control terminal, said N-type
region being connected to a main terminal of the MOS tran-
sistor, and the second main terminal of the MOS transistor
being connected to the rear surface voltage of the switch.

According to an embodiment of the present invention, the
monolithic structure 1s surrounded with a heavily-doped

P-type wall 1n contact with a rear surface metallization, the
connection between the second main terminal of the MOS
transistor and the voltage of the rear surface being ensured by
a metallization connecting this second main terminal to the
upper surface of said wall.

According to an embodiment of the present invention, the
connection between the control terminal and, on the one
hand, the first P-type well and, on the other hand, the gate, 1s
ensured via respective resistors, the first resistance between
the control terminal and a contact on the first well being high
and the second resistance between the control terminal and
the gate being low.

According to an embodiment of the present invention, the
first resistance 1s on the order of some hundred kilo-ohms and
the second resistance 1s smaller than 100 ohms.

According to an embodiment of the present invention, the
switch comprises, on the rear surface side, between the semi-
conductor structure and the rear surface metallization, an
insulating layer extending at least under the control area and
not under the power area.

The foregoing object, features, and advantages of the
present invention, as well as others, will be discussed 1n detail
in the following non-limiting description of specific embodi-
ments 1n connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A, 1B, and 1C respectively are a simplified cross-
section view and equivalent diagrams of a structure of a
bi-directional voltage-controlled switch according to U.S.

Pat. No. 6,034,381,
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FIGS. 2A and 2B respectively are a simplified cross-sec-
tion view and an equivalent diagram of a structure of a bi-

directional voltage-controlled switch according to the present
imnvention;

FIGS. 3A and 3B respectively are a top view and a bottom
view ol a first embodiment of a bi-directional switch accord-
ing to the present invention; and

FIGS. 4A and 4B respectively are a top view and a bottom
view ol a second embodiment of a bi-directional switch
according to the present invention.

DETAILED DESCRIPTION

For clarity, the same elements have been designated with
the same reference numerals 1n the different drawings. Fur-
ther, as usual 1n the field of the representation of semiconduc-
tor components, the various cross-section views are
extremely simplified and are not to scale. For an example of
practical implementation, reference may be made to the top
and bottom views of FIGS. 3 and 4.

FIG. 2A 1s a simplified cross-section view of an embodi-
ment of a voltage-controlled bi-directional switch according,
to the present invention.

In this drawing, elements similar to those already described
in relation with FIG. 1A bear the same reference numerals.
Thus, a thyristor Thl having 1ts anode on the side of lower
metallization M1 and comprising regions or layers 2-1-4-3
and a thyristor Th2 having i1ts anode on the upper surface side

and which comprises region and layer portions 5-1-2-6 can be
found 1n FIG. 2A, between terminals A1 and A2.

In FIG. 2A, wells 4 and 5 of thyristor Thl and of thyristor
Th2 have been shown as portions of a same well. However,
the same arrangement as 1n FIG. 1A would be possible (form-
ing of wells 4 and 5 1n two parts). Further, an optional channel
stop ring 21 which surrounds the entire well 4-5 has been
shown.

Further, an insulating layer 23 which 1s substantially
located on the entire lower surface outside of the opposite
portion of well 4 appears on the lower surface side between
metallization M1 and P-type layer 2. The arrangement of this
layer will be better understood with reference to the bottom
views of FIGS. 3B and 4B. The function of this msulating
layer 1s to favor the switch starting by bringing the charge
carriers generated i1n the control area to propagate to the
power area (thyristor Thl and Th2) after a control signal 1s
applied. An N™-type layer would have a similar function.

The control area comprises a first P-type well 24 1n which
1s formed an N-type region 25. This well and this region are
designated with reference numerals different from those of
well 10 and of region 11 of FIG. 1A since, as will be seen
hereafter, the doping level and the depth of well 24 are pret-
erably distinct from what has been previously described 1n
prior art. A metallization M3 1s in contact with well 24.
N-type region 25 1s connected by a metallization M6 to an
N™-type source region 28 of a MOS transistor T3 formed in a
P-type well 27. MOS transistor T3 comprises an N™-type
drain region 26 and 1ts P-type channel forming area 1s topped
with a conductive gate 29. A metallization M7 connects
region 28 to heavily-doped P-type peripheral wall 7 to estab-
lish a contact with rear-surface P-type region 2 and metalli-
zation M1. A gate terminal G forms one piece with metalli-
zation M5 and with gate 29 of the MOS transistor, preferably
via resistors which are shown 1n the equivalent diagram of
FIG. 2B and which can be formed in integrated form although
they are not shown 1n FIG. 2A.

Well 27 may, as shown, be contiguous to peripheral wall 7
or else be a separate well, the connection between drain 26
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and the upper surface of this wall being ensured by metalli-
zation M7. Further, MOS transistor T3 has been shown very
schematically. Any variation of such a transistor may be used.
Especially, the MOS transistor may conventionally have a
multiple-cell structure by using, for example, a structure with
two metallizations to establish the contacts.

An equivalent diagram of this bi-directional switch 1s 1llus-
trated 1n FI1G. 2B. An NPN transistor T2 having region 25 as
an emitter, region 24 as a base, and substrate 1 as a collector
has been shown. The connection between control terminal G
and the base of this transistor 1s ensured via a resistor R2 and
the connection between control terminal G and the gate of
MOS ftransistor T3 1s ensured via a resistor R3. As an
example, resistor R2 may have a value on the order of some
hundred kilo-ohms and resistor R3 may have a value on the
order of some hundred ohms.

The operation of this device is the following.

Whatever the biasing of terminal A2 with respect to termi-
nal A1, the circuit1s controlled by the application of a positive
voltage to terminal G.

In a positive halfwave, that 1s, when terminal A2 1s positive
with respect to terminal Al, and when a positive signal 1s
applied to terminal G, MOS transistor T3 turns on and a
current flows from metallization M5 to metallization M6 1n
diode 24-25 and 1n the MOS transistor towards terminal Al.
The turning-on of diode 24-25 causes the 1njection of elec-
trons by N™ region 25. A portion of these electrons, limited
due to the strong value of resistor R2, continues to terminal G.
Another portion of these electrons reaches substrate 1 and 1s
attracted by the anode formed of layer 4-5 connected by
metallization M2 to terminal A2. This results 1n an 1njection
of holes by region 4-5 to the junction between substrate 1 and
lower P layer 2. Due to the presence of insulating layer 23, this
injection essentially occurs in the power area and this results
in the turning-on of thyristor Th2.

A symmetrical operation occurs when terminal A2 1s nega-
tive with respect to terminal Al (negative haltwave). Then,
the application of a positive voltage on terminal G turns on
MOS transistor T3, a current flows 1n diode 24-25. This
results 1n an injection of electrons 1nto the substrate. This

time, these electrons are directed towards layer 2 which 1s
connected to positive terminal Al and this layer 2 injects
holes into the substrate which tend to unblock the blocking
junction of thyristor Thl between substrate 1 and P-type well
4.

According to an advantage of the present invention, when
no signal 1s applied on terminal G, MOS transistor 13 1s
blocked and does not conduct any current. Thus, 1n the
absence of a gate signal, NPN transistor T2 in series with
MOS ftransistor T3 has 1ts emitter floating and can by no
means become conductive, even 1f charges are mjected nto
the substrate by various parasitic etfects, for example, by
application of a strong current variation according to the time
(dV/dt) between terminals A2 and Al. This results, on the one
hand, in that a transistor T2 with a very high gain can be
selected, and on the other hand, 1n that an assembly of two
particularly sensitive thyristors can be selected. A transistor
with a high gain can be obtained by optimizing well 24 so that,
especially, the thickness of the base (24) between emitter and
collector 1s small. Sensitive thyristors may for example result
from an optimized topology and from a small density of
emitter short-circuits. This results in that transistor T2 can be
triggered by a very small current, and 1n that a resistor R2 of
high value can be placed in series on 1ts base. Thus, 1n the
subsequent control and operation, an extremely small current
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1s 1njected into the base of transistor T2. This results 1n that
there 1s 1n practice a voltage control and no longer a current
control as in prior art.

Two more detailed examples of embodiment of the present
invention are respectively illustrated 1n the top and bottom
views of FIGS. 3A and 3B and in the top and bottom views of
FIGS. 4A and 4B. In these top and bottom views, the metal-
lizations have been eliminated, but how to arrange them will
be understood from the simplified cross-section view of FIG.
2A and from the circuit diagram of FI1G. 2B.

In the embodiment of FIGS. 3A and 3B, as in the simplified
cross-section view of FIG. 2A, P-type wells 4 and 5 form one
and the same well. It should be understood that the channel
area of MOS transistor T3 1s arranged 1n the opposite portions
of N™-type regions 26, 28.

In the example of FIGS. 4A and 4B, the two thyristors Thl
and Th2 are separate and arranged on either side of the struc-
ture. Wells 4 and 5 are thus distinct and insulating wall 7
comprises a median portion separating the two structures.
Two control areas are arranged symmetrically with respect to
the median portion of the insulating wall, each substantially
having the same structure as what has been shown and
described previously.

Of course, FIGS. 3 and 4 only show certain specific
examples of embodiment of the present mmvention. Many
other practical embodiments will occur to those skilled 1n the
art as to the topology of the various layers, according to a
concept of present invention being forming, in monolithic
form, of a circuit corresponding to that which 1s illustrated 1n
FIG. 2B.

The present invention 1s likely to have various, alterations,
improvements, and modifications which will readily occur to
those skilled in the art. Such alterations, modifications, and
improvements are mtended to be part of this disclosure, and
are mntended to be within the spirit and the scope of the present
invention. Accordingly, the foregoing description 1s by way of
example only and 1s not intended to be limiting. The present
invention 1s limited only as defined 1n the following claims
and the equivalents thereto.

What 1s claimed 1s:

1. A voltage-controlled vertical bi-directional monolithic
switch, the switch being referenced with respect to a first
surface of the switch, the switch being formed from a lightly-
doped N-type semiconductor substrate, the switch compris-
ng:

a control structure to control a conductive state of the
switch, the control structure comprising, on a second
surface side opposite the first surface, a first P-type well
in which 1s formed an N-type region, and a second
P-type well in which 1s formed a MOS transistor, the first
P-type well and a gate of the MOS ftransistor being
clectrically connected to a control terminal, said N-type
region being electrically connected to a main terminal of
the MOS transistor, and a second main terminal of the
MOS transistor being electrically connected to the first
surface of the switch;

a power area comprising at least one component for con-
ducting a current through the switch; and

on the first surtace side, between the semiconductor sub-
strate and a first surface metallization connected to the
first surface, an insulating layer extending at least under
the control structure comprising at least the first P-type
well and the second P-type well and not under the power
area of the switch.
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2. The switch of claim 1, wherein the semiconductor sub-
strate 1s surrounded with a heavily-doped P-type wall 1n con-
tact with the first surface metallization, the connection
between the second main terminal of the MOS transistor and
the first surface 1s provided by a metallization connecting the
second main terminal of the MOS transistor to an upper
surface of said heavily-doped P-type wall.

3. The switch of claim 1, wherein

the control terminal 1s coupled to the first P-type well via a
first resistor having a first resistance, and

the control terminal 1s coupled to the gate of the MOS
transistor via a second resistor having a second resis-
tance, the first resistance being higher than the second
resistance.

4. The switch of claim 3, wherein a value of the first
resistance 1s at least 100 kilo-ohms and a value of the second
resistance 1s smaller than 100 ohms.

5. The switch of claim 1, wherein the power area comprises
a first thyristor and a second thyristor.

6. A voltage-controlled vertical bi-directional monolithic
switch, the switch being referenced with respect to a first
surface of the switch, the switch being formed from a lightly-
doped semiconductor substrate of a first conductivity type,
the switch comprising:

a control structure to control a conductive state of the
switch, the control structure comprising, on a second
surface side opposite the first surface, a first well of a
second conductivity type 1n which 1s formed a second
region of the first conductivity type, and a second well of
the second conductivity type 1n which 1s formed a MOS
transistor, the first well and a gate of the MOS transistor
being electrically connected to a control terminal, said
second region being electrically connected to a main
terminal of the MOS transistor, and a second main ter-
minal of the MOS transistor being electrically connected
to the first surface of the switch:

a power area comprising at least one component for con-
ducting a current through the switch; and

on the first surface side, between the semiconductor sub-
strate and a first surface metallization connected to the
first surface, an insulating layer extending at least under
the control structure comprising at least the first well and
the second well and not under the power area of the
switch.

7. The switch of claim 6, wherein the semiconductor sub-
strate 1s surrounded with a heavily-doped wall of the second
conductivity type 1n contact with the first surface metalliza-
tion, the connection between the second main terminal of the
MOS transistor and the first surface 1s provided by a metalli-
zation connecting the second main terminal of the MOS tran-
sistor to an upper surface of said heavily-doped wall.

8. The switch of claim 6, wherein the control terminal 1s
coupled to the first well via a first resistor having a first
resistance, and

the control terminal 1s coupled to the gate of the MOS
transistor via a second resistor having a second resis-
tance, the first resistance being higher than the second
resistance.

9. The switch of claim 8, wherein a value of the first
resistance 1s at least 100 kilo-ohms and a value of the second
resistance 1s smaller than 100 ohms.

10. The switch of claim 6, wherein the power area com-
prises a first thyristor and a second thyristor.
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